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(57) Apparatus for forming a tubular casing within a subterranean formation Including a pre-existing wellbore 
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that the inside diameter of the radially expanded tubular liner (Fig 9) is equal to the inside diameter of a 
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MONO-DIAMETER WELLBORE CASING 
Gross Rderenoe To Related Applications 
This application is a confinuation-ln-paft c/f U.S. utilify application aerial nunfiber 
09/454,139. attorney docket number 25791.3.02. filed on 12/3/1999. which claimed the 
5 benefit of the filing date of U.S. provlsimal patent application serial number 

60/1 11,293. attorney docket number 25791.3, filed on 1^/1998. the disclosures of 
which are incorporated herein by rrtiaienoe. 

This appltoation is related to thefbOowbig: (1) U.S. patent appBcatlon serial no. 
09/454.139, attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 

1 0 application serial no. 09/51 0,91 3, attorney docket no. 25791 7.02. filed on 2/23/2000. 
(3) U.S; patent appiicatkm serial no. 09/502,350, attorney docket no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338. attorney docket no. 
25791 .9.02, filed on 11/15/1 999, (5) U.S. patent application serial no. 09/523.460. 
attorney docket no. 25791 .1 1 .02, filed on 3/10/2000, (6) U.S. patent applicatton serial 

15 no. 09/512.895, attorney docket no. 25791. 1Z02, filed on 2/24/2000. (7) U.S. patent 
applteation serial no. 09/51 1 ,941 , attorney docket no. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/568,946. attorney docket no. 25791 .17.02. filed 
on 6/7/2000, (9) U.S. patent aM>llcation serial no. 09/559.122. attorney docket no. 
25791 .23.02, filed on 4/26/2000, (10) PCT patent applicatton serial no. 

20 PCT/USOO/18635, attorney docket no. 25791 .25.02, filed on 7/9/20Q0. (1 1 ) U.S. 

provlskNial patent applicatton serial no. 60/162.671. attorney docket no. 25791.27, filed 
on 11/1/1999. (12) U.S. proviskNial patent appScatton serial no. 60/154.047, attorney 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. prevMonal patent application serial 
no. 60/159,082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 

25 provistonal patent appOcatton serial no. 60/159.039. attorney docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provistonal patent appltoation serial no. 60/159.033. attorney 
docket no. 25791.37. fited on 10/12/1999. (16) U.S. provisional patent appDcatton serial 
no. 60/212.359, attorney docket no. 25791.38. fitod on 6/19/2000. (17) U.S. provistonal 
patent appltoatton serial no. 60/165.228. attorney dock^ no. 25791 .39. fHed on 

30 11/12/1999. (IB) U.S. provistonal patent appOcatton serial no. 60/221.443. attorney 
docket no. 25791.45. filed on 7/28/2000, (19) U.S. provistonal patent application serial 
no. 60/221,645, attorney docket no. 25791.46, fited on 7/28/2000. (20) U.S. provtotonal 
patent appltoatton serial no. 60/233,638, attorney docket no. 25791 .47, filed on 
9/18/2000, (21) U.S. provistonal patent appilcatton serial no. 60/237,334, attorney 

35 docketJK). 25791.48. fited on 10/2/2000. and (22) U.S. provtotonal patent appilcatton 



serial no. 60/262.434, attorney docket no. 25791.51. filed on 1/17/2001. the dlsdosufes 
of wMch are Inoorporated herein by reference. 

Background of the Invention 

This Invention relates generally to weUt>ors casings, and in particuiar to wellbore 
casings that are formed using expandable tubing. 

Convantionaily. when a weUbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wan and to prevent undesired outflow 
of drilling fluid Into the fomwtion or inftow of fluid from the fbmiatlon into the borehole. 
The borehole is drilled In intervals whereby a casing which is to be installed In a lower 
borehole interval is lowered through a previously Installed casing of an upper borehole 
htenml. As a consequence of this procedure the casing of the lower Interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested anangenrtent with casing diameters decreasing in downward direction. Cement 
annul! are provided between the outer surfaces of the cajslngs and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the weObore. Such 
a large borehoto diameter invoNes increased costs due to heavy casing handling 

equipment, large drlD bits and increased voiurnes of drilling fluid and driU cuttings 
MoTBOwer. increased draUng rig ttrne is involved due to required cement pumping. 

cement hardenbig. required equipment changes due to large variations In hote 
diameterB drilled in the course of the well, and tiw large volume of cuttings drilled and 
removed. 

The present inventton is directed to overcoming one or more of the limitations of 
the existing procedures for fbnrning new sections of casing in a weiibore. 

Summary of the Invention 

According to one aspect of the present inventton, an apparatus for fbmiing a 
weflbore casing in a borehoto located in a subtenanean fbmwtion Including a 
preexisting weiibore casing is provided that Includes a support member Including a flret 
fluid passage, an expanston cone coupled to the support member including a second 
fluid passage fluidldy coupted to the first fluid passage, an expandabte tubular liner 
movably coupled to the expansion cone, and an expandat)le shoe coupled to the 
mpandabte tubular finer. 

Aooordir^ to another aspect of the present invention, a shoe is provided that 
includes an upper annular portion, an intermediate annular portion, and a tower annular 
portion. 'Hie intermedtete annular portion has an outer drcwnlbrenoe that is terger 
than the outer drcumferenoee of the upper and lower anmdar portions. 
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Aooording to another aspect of the present invention, a method of fbnming a 
wellbore casing in a subtenanean formation having a preexisting wellbore casing 
positioned in a txmhole is provided that includes instatiing a tubuiar liner, an expansion 
oone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
5 injecting a ftuidic materiai into the ^oe, and radisffly mpanding at least a portion of the 
tubular liner by Injecting a fluidic material into the borehole below the expansion oone. 

According to another aspect of the.present Invention, an apparatus for forming ^ ' 
a welibore casing in a sutrterranean fbnnation having a preexisting welibore casing ^/ 
positioned in a borehole is provided that Includes mear» for Installing a tubular linerr^o^ 

10 expansion cone, and a shoe in the borehole, means for radially exparKling at least a \. 

V 

portion of the shoe, and means for radially expanding at least a portiori of the tubular 
liner. 

According to another aspect of the present Invention, an apparatus for forming 
a welibore casing within a subterranean fonration including a preexistihg welibore 

1 5 casing positioned In a borehole is provided that includes a tubular liner, and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting welibore casing. The inside diameter of the radially expanded tubular liner 
Is sut^ntialiy equal to the inside diameter of a non-overlapping portion of the 
preexisting welibore casing. 

20 According to another aspect of the present invention, a welibore casing 

positioned In a borehole within a stAterranean fonnation is provided that Includes a first 
welibore casing, and a second weBbore casing coupled to and overlapping viMh the first 
welibore casing. The second welibore casing te coupled to the first welibore casir^ by 
the process of: Installing the second welibore caslrig, an expansion oorre. and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by Injecting a fluidic 
material Into the shoe, and radially wpanding at least a portion of the second vvel^ 
casing by IrijecKng a fliMc mat^al into the borehole below the mpansion cone. 

Aocordhg to another aspect of the present Invention, a method of forming a 
tubular structure In a subterranean formation having a preexisting tubular member 

30 positioned In a borehole is provided that includes InstaDing a tubular liner, an expansion 
oone. and a shoe In the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluUlc material Into the borehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for forming 

35 a tubular structure In a subterranean formation having a preexisting tubular member 
positioned in a borehole is provided that includes means fbr instailing a tubular liner, an 
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expar^n cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tul)ular 
finer. 

According to another aspect of the presmt invention, an apparatus for forming 
5 a tubular structure within a subterranean formation including a preexisting tubular 

member positioned in a borehole is provided ttiat includes a lubular liner and means for 
radially expanding and coufflng the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of tt)e radially expanded tubular liner 
» substantially equal to the Inside diameter of a non-overlapping portion of the 
10 preexisting tubular member. 

According to anotiter aspect of ttie present invention, a tubular structure 
positioned in a borehole within a subterranean fbnnation is provided that includes a first 
tubular member and a second tubular member coupled to and overlapping with tiie first 
tubular member. The second tubular member is coupled to tt)e first tubular member by 
15 the process of: installing tiie seooruJ tubular member> an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of ttie shoe by injecting a fiuidic 
material into the shoe, and radially expanding at least a portion of tiie second tubular 
member by injecting a fiuidic material into the borehole bdow ttie expansion cone. 

Brief Description of tiie Drawings 
20 FIG. 1 is a fragmentary ooss-sectional view iHustrating ttie drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating ttie piaoem^nt of an 
emtxxllment of an apparatus for creating a mono-diameter weDbora casing within the 
new section of ttie well borehole of FIG. 1. 
25 FIG. 2a Is a cross-secHonal view of a portion of ttie shoe of ttie apparatus of 

FIG.Z 

FIG. 2b is a cross-sectional view of anottter portion of ttie shoe of the apparatus 
of FIG. Z 

FIG. 2c is a cross-secHonai view of another portion of ttie dipe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-sectional view of anottier portion of ttie shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion tfttie shoe of ttie apparatus of 
FIG. 2c. 
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R6. 3 b a fragmentary cross-sectional view illustrating the injection of a 
hardenable fluldic sealing materkd through the apparatus and into the new section off 
the well lx)rehole of FIG. 2. 

FIG. 3a is a ooss-sectiOTal view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross^sectional view of a portion of the shoe of the apparatis of 
FiG.3& 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a fluldic 
material into the apparatus of FIG. 3 in order to fhildidy isolate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-secGonai view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG, 5 is a cross-sectlonai view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustratir^ the lowering of the expandable 
expansion erne into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectk>r»l view illustrating the injection of fluldic nriaterial into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 te a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular nrienriber of the appara^ 

FIG. 10 is a cross-sectional view fllustrating the removal of the bdOom portion of 
25 the radially expanded shoe of the apparatus €f FIG. 9. 

FIG. 1 1 is a cross-sectional view illustrating the formation of a mono<llameter 
welbora casing that includes a plurality of overlapping ntono-diameter wellbore 
casln^p. 

FIG. 12 Is a fragrnentary cross-sectional view illustraling the placement (rfa^ 
30 alternative eihbodlrnent of an apparatus for creaUrig a rrionoKilanneterwdl^ 
within the wellbore of FIG. 1. 

FIG. 12a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b is a cross-secHonal view of a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIG. 12c b a CYOss^ctional view of another portion of the shoe of the 
apparatus of FIG. 12; 

FIG. 12disacross^secUonal view of another portion of the shoe of the 
apparatusof FIG. 12. 
5 HG. 13 Is a fragmentary cioss-secti(»fml view DIustFBti^ 

hardenable fluidic sealing material through the apparatus and into the new section of 
the wen borehole of FIG. 12. 

FIG. 1 3a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

1 0 FIG. 14 is a fragmentary cross-secUonal view illustrating the Injection of a fluidic 

material into the apparatus of FIG. 13 in order to fluidlcly isolate the interior of the shoe. 

FIG. 14a Is a cross-sectional view of a portion ofthe shoe ofthe apparatus of 
FIG. 14. 

FIG. 1 5 is a cross-sectional view illustrating the radial expanston of the shoe of 
15 FIG. 14. 

FIG. 16 Is a cros&^ecOOTal view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe ofthe apparatus of FIG. 15. 

FIG. 1 7 is a cross-sectfonal view illustrating the expansion of the expandat>le 
expansion cone of the apparatus of FIG. 1 6. 
20 FIG. 1 8 is a cross-sectional view illustrating the injection of fluidic material Into 

the radially expanded shoe of the apparati^ of FIG. 17. 

FIG. 19 Is a cross-sedional view Illustrating the completion ofthe radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 Is a cross-sectional view tliustFating the ramoval of the bottom portion of 
25 the radially expanded shoe of tte apparatus of FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Refening initially to FIQS. 1 , 2, 2a. 2b, 2c 2d. 2b, 3, 3a, 3b. 4, 4a, 4b, and 5- 
1 0, an embodiment of an apparatus and method for forming a monoKllameter wellbore 
casing within a subterranean forrnation will riow be described. As illustrated in Fig. 1. a 
30 wellbore 100 is positioned in a subtenranean formation 105. The wellbore 100 includes 
a pre-existing cased section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic seaHng material such as, for example, cement The wellbore 100 
may be positioned In any orientation from vertical to horizontal. In several attemative 
embodiments, the pre«dsting cased section 110 does not include the annular outer 
35 layer 120. 
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In order to extend the weHbore 1 00 into the subtenanean formation 105, a drill 
string 125 is used in a well knomi manner to drill out material from the subterranean 
formation 105 to form a new wdlbore section 130. In a preferred embodinrtent, the 
inside diameter of the new weilbore section 130 is greater than the inside diameter of 
5 the preexisting weilbore casing 115. 

As illustrated in FIGS. 2, 2a, 2b, 2c 2d, and 2e, an apparatus 200 for fbmring a 
weilbore casing in a sidrterranean formatton is then positioned in the new section 1 30 
of the weilbore 100. The apparatus 200 pref^bly includes an expansion cone 205 
having a fluid passage 205a ttiat supporte a tubular member 210 that includes a lower 
10 portion 210a, an intermediate portion 210b, an upper portion 21 Oc, arid an upper end 
portion 210d. 

The expansion cone 205 may be any numt)er of conventional oomrrierciaity 
available expansion cones. In several alternative embodimente, the expansion cone 
205 may be controllably expandable in the radial direction, for example, as disclosed in 

15 U.S. patent nos. 5,348,095, and/or 6,012,523, the dtedosures of vt/hlch are 
incorporated herein by reference. 

The tubular member 210 rnsy be fet>ricated from any number of conventional 
commercially available materials such as, for example, Ollfleld Country Tubular Goods 
(0CT6), 13 chromium steel tubing/casing, or ptestic tubing/casing. In a preferred 

20 embodiment, ttie tubular member 21 0 Is febricated from OCTG in order to maximize 
starengtti after expansion. In sevml alternative embodimente, the tubuter rnember 210 
may be solid and/or slotted. For typical tubuter member 210 materiate. the lengtti of 
the tubular merrtber 210 is preferably limited to brtween about 40 to 20,000 feet in 
length* 

25 The lower portion 210a of ttie tubuter member 210 preferably has a larger 

inside dtemeter than the upper portion 21 Oc of the tubular member. In a preferred 
embodiment, the wall ttiickness of the Intemradtete portion 210b of the tubular member 
201 is less ttian ttie wall ttiidaiess of the upper portion 210c of the tubular member in 
order to fedlitate the initiation of the radial expansion process. In a preferred 

30 embodiment, the upper end portion 210d of the tubuter member 210 te slotted, 

perforated, or ottienmse modified to catch or slow down the expansion cone 205 when 
it completes the extrusion of tubular member 21 0. In a preferred embodiment, wall 
thidcness of ttie upper end portion 21 Od of the tubular member 210 is gradually tepered 
in order to gradually reduce ttie required radial expansion foroes during the tetter 

35 stages of the radial expansion process. In this manner, shock loadlrig conditions 
during ttie latter stages of ttie racfial expansion process are at least minimized. 
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A shoe 215 is Goupled to the tower portion 21(ta of the tubular The 
shoe 215 indudes an upper portion 215a. an intenmediate portton 215b. and lower 
portion 215c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug. dart, or other similar element for controllably sealing the fluid passage 220. In 
S this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or bail sealing elements into the fluid passage 220. 

The upper and lower portions. 215a and 215c. of the shoe 215 are preferably 
substantially tubular, arid the intennediate portion 215b of the shoe te preferably at 
least partially folded inwardly. Furthermore, in a preferred embodiment, when the 
10 intermediato portton 21Sb of the shoe 215 is unfolded by the application of fluid 

pressure to the int^ negton 230 of the shoe, the Inside and outside dianteters of the 
intennediate portion are preferably both greater than the inside and outside diameters 
of the upper and lower portions, 215a and 21 5c. In thismanner. the outer 
drcumferehce of the Intermediate portion 215b of the shoe 215 is prefei^^ 
15 than the outside circumferences (rf the upper and lower portions. 21Sa and 215b. of the 
shoe. 

In a preferred enrolment, the shoe 215 further includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 220. In this 
manner, the shoe 215 optimally injects hardenable fluidic eealing material Into the 

20 region outside the shoe 215 and tiAular member 21 0. 

In an aHemative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 225b is coupled to the 
expanston cone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fluididy coupled to the fluid passage 20Sa. In this manner, fluidic materials 

25 rnaybecom^yedtoandfromthersgton230 

the bbttomofthe shoe 215. The fluid passage 22Sb is preferably fluUidycouptod to 
the fluid passage 225a and Indudes a conventional control valve. In this manner, 
during plaoement of the apparati» 200 within the welibore 100. surge pressures can be 
relieved by the fluid passage 22Sb. In a preferred embodiment, the support member 

30 225 ferther indudes one or more conventional centrallzers (not illustrated) to help 
stabilize the apparatus 200. 

During plaoement of the apparatus 200 within the went)orB 1 00. the fluid 
passage 225a Is prBfered:)ly selected to transport materials such as, for example, drilling 
mad or formation fluids at flow rates and pressures ranging from about 0 to 3.000 

35 gallons/hrinute and 0 to 9.000 psi In order to minimize drag on the tubular nvsmber 
being am and to minimize surge pressures exerted on the welibore 130 which could 
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cauM a loss of wallbore fluids and lead to hole collapse. During placement <rf the 
apparatus 200 wWtin the wellbore 100, the fluid passage 225b is preferat)ly selected to 
convey fluldic materials at fkyw rates and pressures ranging from ai)out 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to reduce the drag on the apparatie 200 
5 during Insertion into the new section 130 of the wellbore 100 and to minimize surge 
pressures on the new wellbore secfion 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior region oT the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commerdally available cup seals such e», for example, TP 
cups, or Selective Ir^ectlon Packer (SIP) cups modified In accordance with the 
teachings of the present disclosure. In a preferred embodiment, ttie cup seal 235 Is a 
SIP cup seal, available from Halliburton Energy Sendees in Dallas, TX in order to 
optinrially block foreign niaterial and contain a body of lUbriciOT in several alternative 

15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or more sealing members 240 are preferably coupled to and supported by 
the exterior surfoce of the upper end portton 21 Od of the tubular member 210. The 
sealing membera 240 preferably provide an overlapping joint between the lower end 
portion 1 15a of the casing 115 and the upper end portion 21 Od of the tubular member 

20 210. The sealing nienrtt>er8 240 may be any number of ^omi^ntionai commercially 
available seals such as, for example, lead, mbber, Teflorj^ or epoxy seals modified In 
accordance with the teachings of the present dlsck)sure. In a prsfened embodiment, 
the sealing members 240 are molded from Stratalock epoxy available from Halliburton 
Energy Services In Dallas, TX In order to optlmally provUe a toad bearing interfwence 

25 fit between the upper end portion 210d of the tubular member 210 and the tower end 
portion 115a of the existing casing 115. 

in a preferred emt)odiment, the sealing membera 240 are selected to optirrally 
provide a sufficient frtottonal force to support the expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, the fridtonal force optimally 

30 provkled by the eeiallng members 240 ranges from about 1.000 to 1,000,000 Ibf in 
order to optimally support the expanded tubular member 210. 

In an attemative embodiment, the sealing membera 240 are omitted from the 
upper end portion 21 Od of the tubular member 210, and a load bearing metal-to-metal 
Interference fit is provkled between upper end portion of the tubular member and the 

35 lower end. portton 1 1 5a of the existing casing 1 1 5 by plastically deforming and radially 
expanding the tubular member into contact with the existing casing. 
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In a preferred embodiment a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. \r\ 
thte manner, the extrusim of the tubular nmnber 210 off <rf the expansion cone 205 is 
fedUtated. The lubricant 245 tna^ be any number <rf oonvsntionai commerdaily 

5 available lubricants such as, for example, LubriplateT chlorine bssed lubricants, oD 
based lubrteants or aimax 1500 Antisieze (3100). In a prefened embodiment the 
lubricant 245 is Qlmax 1500 Antisieze (3100) available from CUmax Lubricants and 
Equpment Co. in Houston, TX in order to optimally provide optimum lubrication to 
fedlitate the expansion process. 

10 In a pieifefTed embodiment, the support member 225 is thoroughly cleaned prior 

. to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material into the apparatus 200 is minimized. Thte minimizes the 
posdbillty of foreign material dogging the various flow passages and yalves of the 
apparatus 200. 

15 In a preferred embodiment before or after positioning the apparatus 200 within 

the section 130 of ttie welitxxe 100, a couple df wellbore volumes are circulated In 
order to ensure that no foreign materials are located within the welibore 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material Interferes the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a preferred embodiment during placement 

of the apparatus 200 within the welibore 100. fluldic materials 250 within the welibore 
that are displaced by the apparetus are at least partially conveyed through the fluid 
passages 220. 205a, 225a, and 225b. In this manner, surge pressures created by the 
plaoement of the apparatus within the welibore 100 are reduced. 

25 As illustrated in RGS. 3, 3a, and 3b, the fluid passage 225b is then closed and 

a hardenable fluldic sealing material 255 \s then pumped from a surface location Into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the interior region 230 into tlie fluU passage 

30 220. The nnaterlal 255 then exits the apparatus 20D and fliis an evmuta^ 

between the exterior of the tubular member 210 and the interior wall of the new section 
130 of the welibore 100. Cdnflnued pumi^ng of the material 255 causes the material to 
flD up at least a portion of the annular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 

35 and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 ;500 

gailons/min, raspeclively. The optimum flow rate and operating pressiirm vary as a 
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function of the casir^ and wellbore sizes, welibore section Imgth. available pumping 
equipment, and fluid properties of the fluidic matmal t)eing pumped. The optimum flow 
rate and operating pressure are preferat)!/ determined usirig conventional empirical 
methods. 

5 The hardenal>le fluidic sealing material 255 may be any number of conventional 

. commercially available hardenabte fluidic sealing materials such as, for example,.slag 
mb(, cement, latex or epoxy. in a preferred embodiment the hardenable fluidic sealing 
material 255 is a blended cement praparsd spectficaliy for the particular well section 
being dniled from Halliburton Energy Services In Dallas, TX In order to provide optimal 

10 support for tubular member 210 while also mainteining optimum flow characteristics so 
as to minimize difnculties during the displacement of cement In the annular region 260. 
The optimum blend of the blended cement preferably detsrifnined using conventional 
empirical methods. In several attemative embodiments, the hardenabte fluidic sealing 
material 255 is compressible before, during, or after curing. 

1 5 The annular region 260 preferably is filled with the matertel 255 in suffident 

quantities to ensure that, upon radial expansion of the tubular member 210, the annuter 
region 260 of the new section 130 of the wellbore 100 will be filled with the matertel 
255. 

In an alternative embodiment, the ir^edion of the material 255 into the annular 
20 region 260 is omitted, or is provided after the radial expansion of the tubuter memt>er 
210. 

As illustrated In FIGS. 4, 4a, and 4b, once the annular region 260 has been 
adequately filled wKh the matertel 255. a plug 265, or other simitar device, b introduced 
into the fluid passage 220, thereby fluidiciy Isolating the interior regton 230 from the 

25 annular region 260. In a pretened embodiment, a non-hardenabte fluidic materfal 270 
tettienpuniped into the interior region 230 causing the interior regton to in 
this manner, the interior region 230 of the expanded tebular member 210 wID not 
contein significant amounte of the cured rraterial 255. This also reduces and simplifies 
the cost of the entire process. Alternatively, the material 255 may t)e used during thte 

30 phase of the process. 

As Illustrated in FIG. 5, in a prefened embodbnent, the continued Injection of 
the fluidic material 270 pressurizes the region 230 and unfolds the Intermedteto portion 
215b of the shoe 215. In a preferred embodiment, the (XJtside dtemeter of the unfolded 
intermediate portion 21 5b of the shoe 21 5 greater than the outelde dtemeter of the 

35 upper and lower portions, 215a and 21%, of the shoe. In a preferred embodiment, the 
inside and outside diametera of the unfoMed intermediate portion 215b of the shoe 215 



12 



are greater than the inside and outside diameters, respectively, of the upper and lower 
portions. 215a and 215b, of the shoe. In a preferred embodiment, the inside diameter 
of the unfolded intermediatB portion 215b of the shoe 215 is substantially equal to or 
greater than the inside dianneter of the preexisting casing 1 15 in order to optimally 

5 fedBtate the formation of a mono-diameter wellbore casing. 

As illustrated in R6. 6, in a preferred embodiment, the expansion cone 205 is 
then lowered into the unfolded intennediatoportkxi 215b ofthe shoe 215. In a 
preferred embodiment the expansion cone 205 is lowered into the unfolded 
intermediate portion 215b of the shoe 21 5 until the bottom of the expansion cone is 

10 proximate the lower portion 215c of the shoe 215. In a preferred embodiment, during 
the lowering of the expansion cone 205 into the unfcrided intermediate portion 215b of 
the shoe 21 5, the material 255 within the annular region 260 and/or the bottom of the 
welibore section 130 mainteins the shoe 215 In a substantially stationary position. 
As Illustrated In FIG. 7, in a prefened embodiment, the outside diameter of the 

15 expansion oone 205 Is then increased. In a preferred embodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523, the disclosures of which are incorporate herein by 
reference. In a preferred embodiment, the outside diameter of the radially expanded 
expansion oone 205 is substentially equal to the inside diameter of the preexeting 

20 welibore casing 115. 

In an altemative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expanded. In this 
marmer, the upper portton 210c of the shoe 210 may be radially expanded by \tm radial 
expansion of the expansion oone 205. 

25 In another altemative embodiment the expansion oone 205 is not radially 

expended. 

As Illustrated In FIG. 8, In a preferred embodiment, a fluidic material 275 Is then 
Injeded Into the region 230 through the fluid passages 225a and 205a. In a preferred 
embodiment, once the intertor region 230 becomes sufficiently pressurized, the upper 

30 portton 21 5a of the shoe 21 5 and the tubular member 21 0 are preferably plastically 
deformed, radtelly expanded, and extruded off of the expansion cone 205. 
Furthermore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 210d of the tubular member and the lower portion of the 
preexisting casing 1 15 that oveitap with one anc^r are simultaneously plastically 

35 d^brmed and radially expanded. In this manner, a monodiameterweDbore casing 



13 



may be formed that includes the preexisting wellbore casing 115 and the radially 
expanded tubular member 210. 

During the extnision process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular number 210. In a prefmed embodiment, during the 
5 extrusion prooess, the expansion cone 205 is rdsed at approximately the same rate as 
the tubular member 210 is expanded in order to keep the tubular member 210 
stationary relative to the new vvellbore section 130. In this manner, an overtapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting c»ing 115 rnay be optirnally formed. In an alternative preferred 

10 embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

in a preferred emtxxliment. when the upper end portion 21 Od of the tubular 

15 member 210 and the lower portion of the preexisting casing 115 that overlap with one 
another are plastically deformed and rad^lly expanded by the expansion cone 205. the 
expansion cone 205 Is dispiaoed out of the wellbore 100 by both the operatir^ 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

20 The overiapping Joint between the lower portion of the preexisting casing 115 

and the radiaily expanded tubular member 210 preferably provides a gaseous and 
fluidic seal. In a particularty preferred embodiment the sealing membeiB 245 optimally 
provide a fluidic and gaseous seal in the overiapping Joint InanaHemattve 
ernbodiment the sealing members 245 are dnrdtted. 

25 in a preferred embodiment the operating pressure and flow rate 0^ fluidic 

material 275 is contrdlably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. Iri this manner, the sudden release 
of pressure caused by the complete extruston of the tubular member 210 off of the 
expansion cone 205 can be minimized. In a preferred embodiment the operating 

30 pressure Is reduced In esubstantiaily linear feshk)n from 100% to about 1^ 

the end of the extruston process beginning when the expansion cone 205 is within 
about 5 fmt frxxn cornpleOon of the extruston process. 

Altematively, or in combinatton, the wall thickness of the upper erul portton 
210d of the tubutar merTd)er is tapered in order to gradually reduce the required 

35 operating pressure for plastically deforming and radially expanding the upper end 
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portion til the tubular memt)er. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absort)er is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
5 The shock lAisorber may comprise, for example, any conventtonsd oommerdally 
available shock absort)er, bumper sub. or Jars adapted for use in wellbore operatksns. 

Alternatively, or in combination, an expansion cone catching structure is 
provided in the upper end portton 210d of the tubular member 210 In order to catch or 
at least decelerate the expansion cone 205. 
10 in a preferrsd embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and fricUon effects upon the tubular member 210 during the expansk>n process. 
These offsets will be depend upon the geometry of the expansion cone 205, the 
material composition of the tubular member 210 and expansion cone 205, the Inner 
diameter of the tubular member 210, the wall thickness of the tubular memt>er 21 0, the 
1 5 type of lubricant and the yield strength of the tubular member 21 0. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 21 0, then the greater the operating pressures required 
to extrude the tutnilar number 210 off of the expar»k>n oom 205. 

For typical tubular members 210, the extruston of the tubular member 210 off of 
20 the expanston cone 205 will begin when the pressure of the Interior regton 230 
reaches, for example, approximately 500 to 9,000 psi. 

During the extmsion prooess. the expansion cone 205 may be raised out of the 
expanded portton of the tubular memt)er 210 at rates ranging, for example, from about 
0 to 5 fl^sea In a prefenred embodiment, during the exbuston process, the expansion 
25 cone 205 Is raised out of the expanded portton of the tubular member 21 0 at rates 

ranging firdm about 0 to 2 ft/sec in order to minimize the time required for the expansion 
process white also permitting easy control of the expansion prooess. 

As illustrated in FIG. 9, once the extniston process b completed, the expanston 
oone 205 is removed from the wellbore 100. In a prefened embodiment, either befbre 
30 or after the renrmval of the expansion cone 205, the integrity of the fluknc 

overtapping joint between the upper end portton 210d of the tubular mender 210 and 
the lower end portton 115a of the preexisting wellbore casing 115 is tested using 
conventional methods. 

In a preferred embodiment, if the HukJic seal of the overtapping joint between 
35 the upper end portion 210d of the tubular member 210 and the tower end portion 1 1 5a 
of the casing 1 1 5 is satisfactory, then any uncured portton of the material 255 within the 



expanded tubular member 210 is then removed in a conventional rranner such as, for 
example, drcutating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore section 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to drfli 
5 out any tardenednriat^ 255 vnthin the tubular rnember 210. InaprBfsrred 
embodiment the material 255 within the annular region 260 is then allowed to fiiDy 
cure. 

As illustrated in FIG. 10, the bottom portion 215c of the shoe 215 may thm be 
removed by drilling out the bottom portion of the shoe using conventional drDling 

10 methods. The wellbore 100 may then be extended in a conventional manner using a 
oonventibnal drilling assembly. In a prefenred embodiment, the inside diameter of the 
extended portion of the wellbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As illustrated in FIG. 1 1, the method of FIGS. 1-10 may be repeatedly 

IS perfbnmed in order to provide a mono-diameter wellbore casing that includes 

overlapping wellbore casings 115 and 210a-210e. The wellbore casing 1 15. and 210a- 
21 Oe preferebly include outer annular layers of fluMic sealing material. Attematively, 
the outer annuteir layers of fluidic sealing material may be omitted. In this manner, a 
monoKliameter wellbore casing may be formed within the subterranean fbnnation that 

20 extends for tens of thousands of feet. More genmlly still, the teachings of FIGS. 1-1 1 
may be used to form a mono-dbmeter wellbore casing, a pipeline, a structural support, 
or a tunnel witNn a subterranean formation at any orientation from the vertical to the 
horizontaL 

In a pnafenred embodiment, the fcvmation of a mono-diameter wellbore casing, 
25 as illustrated in R6S. 1-11, Is further provided as disclosed in one or nnore of the 
following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 
25791 .03.02, filed on 12/3/1999, (2) U.S. patent applicaUbn serial no. 09/510,913, 
attomey dodcet no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
30 appDcaUon serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent appRcathxi serial no. 09/523,460, attomey docket no. 25791.11.02. filed 
on 3/10/2000, (6) U.S. patent applteatlon serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent appficaUon serial 
35 no. 09/588,946. attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
appOcation serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 



(10) PCT patent appBcatiCMf) serial no. PCTAJSOQ/18635, attorney docket no. 
25791 .25.02. filed on 7/9/2000, (1 1 ) U.S. provisional patent application serial no. 
60/162.671, attorney dodtet no. 25791 .27. filed on 1 1/1/1999. (12) U.S. provisional 
patent appBcation serial no. 60/154.047. attorney docket no. 25791.29. filed on 

5 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082. attorney 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provistonal patent applicatton serial 
no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent appllcatton serial no. 60/159,033, attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent appllcatton serial no. 60/212,359, attoniey 

10 docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial 
no. 60/165,228, attorney docket no. 25791 .39. filed on 1 1/12/1999, (18) U.S. 
provisional patent applicatkm serial no. 60/221 ,443, attorney docket no. 25791 .45, filed 
on 7/28/2000, (19) U.S. provisional patent applicatton seriai no. 60/221,645. attorney 
docket no. 25791:46, filed on 7/28/2000, (20) U.S. provisional patent applteatton serial 

15 no. 60/233,638. attorney docket no. 25791 .47, filed on 9/1 8/2000. (21 ) U.S. provisional 
patent applicatton serial no. 60/237,334. attorney docket no. 25791.48, filed on 
10/2^000, and (22) U.S. provisional patent application serial no. 60^2,434, attorney 
docket no. 25791 .51. filed on 1/17/2001 , the disck>sures of which are Incorporated 
herein t)y reference. 

20 Referring to FIGS. 12, 12a, 12b. 12c and 12d. in an alternative emkxxiiment, an 

apparatus 300 fbrftmiing a nnonoKJiarnetw casing is positkMied vnthin the 

welltKMB casing 115 that is suiistantlaily Mentical In design and operation to the 
apparatus 200 except that a shoe 305 is sut)StitutBd for the shoe 21 5. 

In a prebned embodiment the shoe 305 includes an upper portion 305a, an 

25 intennedtate portion 305b, and a tower portion 305c having a vaiveable fiuM passage 
310 that is preferably «Japted to receive a plug. dart, or other similar element for 
oontroBabiy sealing the fluU passage 310. In tills manner, the flubf passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing elements Into the 
fluU passage 310. 

30 The upper and lower portions, 305a and 305c, of ttie shoe 305 are preferably 

substantially tubular, and ttie Intennediate portion 305b of the shoe includes 
oorrugattons 305ba-305bh. Furthermore, in a preferred emtxxliment. wtien the 
intermediate portion 305b of the shoe 305 is radially expanded by the application of 
fluid pressure to the interior 315 of the shoe 305, the iriside and out^de diameters of 

35 the radially expanded intennediate portion are preferably both greater than ttie inside 
and outside diameters of ttie upper and tower portions. 305a arrd 305c. In this manner. 



the outer drcumferertce of the intermediate portion 305b of the.shoe 305 is preferably 
greater than the outer drcumferenoes of the upper and lower portions, 305a and 305c 
or the shoe. 

In a preferred embodiment, the shoe 3DS further includes one or more through 
5 and side outlet ports in fluUic ocmmunication with the fluid passage 310. In this 
manner, the shoe 305 optimaily injects hardenalde fluidic sealing material into the 
region outside the shoe 305 iand tubular member 210. 

In an alternative embodiment the flow passage 310 omitted. 

In a preferred embodiment, as illictrated in FIGS. 12 and 12d, during 
10 placement of the apparatus 300 within the weltbore 100, fluidic material 250 within the 
wellbore that are displaced by the apparatus ars conveyed through the fluid passages 
310, 205a, 225a, and 225b. In this manner, surge prsssurss created by the plaoement 
of the apparatus v^in the wellbore 1 00 are reduced. 

In a preferred embodiment, as illustrated in FIG. 1 3 and 1 3a, the fluid passage 
15 225b is then dosed and a hardenable fluidic sealing material 255 Is then pumped flx>m 
a surfece locatton Into the fluid passages 225a and 20Sa. The material 255 then 
passes from the fluU passage 205a into the intertor region 315 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
into the fluid passage 310. The material 255 then exits the apparatus 300 and filte the 
20 annular region 260 between the exterior of the tubular member 210 and the Interior wall 
ofthenewsection 130 of the wellbore 100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular region 260.. 

The nnaterial 255 la preferably punv)ed into the annular regton 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
25 gallons/hiin, respectively. The optimum flow rarie and operating pressures vary as a 
function of the caehng arxl weiibbre sizes, wellbore secUpn length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detemnined using conventional empirical 
methods. 

30 The hardenable fluidic sealing material 255 may be any number of conventtonal 

oommerdally available hardenable fluidic seaiir^ materials such a$, for example, slag 
mb(, cement, latex or epoxy. In a prefened embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared spedficaily for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

35 support for tubular member 210 while also maintalnbig optimum flow characteristics so 
as to minimize difficulttea during the displacement of cement in the annular region 260. 
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IhB optimum biend of the blended cement is preferably determined using conventional 
empirical mettads. In several eltemative embodiments, the hardenable fluidic sealing 
material 255 Is compressB>le before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 In sufRdent 
5 quantities to ensure that, upon radial expansion of the tubular member 210. the annular 
regim 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an alternative enAodlment. tto ir\jection of the material 255 Into the annular 
region 260 Is omitted. 

10 As iHietrated in FIGS. 14 and 14a, once tiie annular region 260 has been 

adeqi^ly filled with the material 255. a plug 285. or other similar device, is introduced 
Into the fluid passage 310. thereby fluidldy isolating the interior region 315 from the 
annular region 260. In a preferred embodiment, a non-hardenable fluidic material 270 
is then pumped into the Interior ragton 31 5 causing the interior region to plBSSurize. In 

15 this manner, the interior region 31 5 will not contain significant amouhte <a the cured 
material 255. This also reduces and simplifiee the cost of the entire process. 
Altematively. the material 255 may be used during this phase of the process. 

As lllustratBd in FIG. 15. in a preferred embodiment, the continued Injection of 
the fluidic material 270 pressurizes the region 31 5 and unfolds the oomigations 305ba- 

20 305bh of the intemnediate portion 305b of the shoe i305. In a preferred embodiment, 
the outside diameter of the unfolded Intermediate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions, 305a and 305b. of 
the shoe. In a preferred embodiment, the inside and outside diametere of the unfolded 
intemnediate portion 305b of the shoe 305 are greater than the Inside and outeide 

25 diameters, respecHvely, of the upper and lower portions, 305a and 305b, of the shoe. 
In a prefened embodiment, the insMe dtemeter of the unfolded Intermediato portion 
30Sb of the shoe 305 is substantially equal to or greater than the inside diameter of the 
preexisting casing 305 in order to optimize ttie formation of a monoKitem^ wellbore 
casing. 

30 As illustrated in FIG. 16. in a preferred embodiment, the expansion oone 205 is 

then loMfered into the unfolded interrnediate portion 305b of the shoe 305. In a 
prefenBd embodiment the expansion cone 205 is lowered into the unfolded 
Intermediate portion 305b of the shoe 305 until the bottom of the expansion oone is 
proxbnate the lower portion 305c of the shoe 305. In a preferred embodiment, during 

35 the lowering of the expansion cone 205 into the unfolded intermediato portion 305b of 
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the shoe 305, the material 255 within the annuter region 260 mainfains the shoe 305 in 
a sutistantialiy stationary position. 

As illustrated in FIG. 17, in a prefsnred embodiment the outsicto diameter of the 
expansion cone 205 is then Increased. In a preferred emtKXliment. tto outside 
5 diameter of the expansion obne 205 is hcreased as disclosed in U.S. patent nos. 
5.348,095, and/or 6,012.523, the disdosurss of which are inoor|X)rate herein by 
reference, in a prefenred emt)odiment. the outside diameter of the radially expanded 
exparmion cone 205 is sutistantialiy equal to the inside diameter of the preexteting 
wellbore cning 115. 

10 in an alternative emtxxilment, the expansion cone 205 is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion oone 205. 

In another alternative embodiment, the expansion oone 205 is not radially 

15 exparxled. 

As illustrated in FIG. 18 Jn a prefened embodiment, a fluldic material 275 is 
then injected into the regton 31 5 through the fluid passages 225a and 205a. In a 
preferred emtxxi^ent, onoe the Interior region 315 becomes sufRdently pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically deformed, radially expanded, and extmded off of the expansion oone 205. 
Furthermore, in a preferred emtxxliment. during the end of the radial expansion 
process, the upper portion 210d of the tubular member and the lower portion of the 
preexisting casing 1 15 that overiap with one another are sinrujitarieously plasticaily 
deformed and radially axpanded. In this manner, a mono-diameter wellbore casing 

25 nriay be fomwd that indudes the preexisting wellbore ced 
expanded tubular meml)er 210. 

During the extruston process, the expansion cone 205 may t)e raised out of the 
expanded portion of the tubular member 210. in a preferred embodirnent, during the 
extnjston process, the expanston cone 205 is raised at approximately the sanrw rate as 

30 the tubular member 210 is expanded in order to keep the tubular member 210 

stationary relative to the new wellbore section 130. In this manner, an overiapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally fonned. In an altemative preferred 
embodiment, the expansion cor^ 205 is maintained in a stationary position during the 

35 extrusion process theretiy allowing the tubular nranfiber 210 to extrude off 0^ 
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e)q»n8ion oorie 205 and into the new welibore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a prefenred emtxxliment. when the upper end portim.210d of the tubular 
member 210 and the lower portion ofthe preexisting casing 115 ttat overlap with one 
5 another are plasticaliy deformed and radially expanded by the expansion cone 205, the 
expansion oone 205 is displaoed out of the welibore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tutnilar support member 225. 

The overteipping Joint between the lower portion of the preexteting casing 115 
10 and- the radially expanded tubularmember 21 0 preferably provides a gaseous and 
fluidic seaL In a particularly preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overlapping joint In an alternative 
mbodiment, the sealing members 245 are omitted. 

In a preferred embodiment the operating pressure and flow rate of the fluidic 
15 material 275 is oontrollably ramped down when the expansion oone 205 reaches the 
upper end portion 21 Od of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular nnemt>er 210 off of the 
expansim oone 205 can be minimized. In a preferred embodiment, the operating 
pressure is reduced in a substantially linear fashion from 100% to about 10% during 
20 the erid of the extrusion process beginning when the expansion cone 205 is within 
about 5 feet from completion of the extmsion process. 

Aitematively. or in combination, the wall thidcness of the upper end portion 
210d of the tubular mennt>er Is tapered in order to gradually reduce the required 
operating pressure for plasticaUy defomning and radially expanding the upper end 
25 portion of the tubular member. In this manner, shock loading off the apparatus may be 
at least partially minimized. 

Aitematively. or in combination, a shodc at)sort>er is provided In ttie support 
member 225 in order to absorb the shock caused by ttie sudden release of pressure. 
The shock at>sort)er may comprise^ for example, any conventional oommerdaily 
30 avdIaUe shock absort)er adapted for use in welibore operations. 

Aitematively. or In combination, an expansion oone catching structure is 
provkled in the upper end portion 210d of ttie tubular member 210 In order to catch or 
at least decelerate the axpanston cone 205. 

In a preferred emtxxliment, the apparatus 200 te adapted to minimize tensile, 
35 burst, and friction effecte upon the tubular member 210 during the expanskxi process. 
These effecte will be depend upon the geometry cS ttie expanston cone 205, ttie 
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/naterial composition of the tubular rmmt)er 210 arKJ expansion cone 205, the inner 
diameter of the tubular member 210, the wall thickness of the tubular member 210. the 
type of lubricant, and the yield strength of the tubular In general, the 

thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubular member 21 0. then the groater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extniston of the tubular nriember 210 off of 
the expansion cone 205 will begin when the pressure of the intertor region 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 inuring the extrusion process, the expansk)n cone 205 may be raised out of the 

expanded portion of the tubular memb«' 210 at rates rar^ing, for example, from about 
0 to 5 fVsBC In a praferred embodiment during the extmsion process, the expansion 
cone 205 is raised out of the expanded portion of the tubular member 210 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the tirhe required for the expansion 

15 process while ateopemiitting easy control of the expansion process. 

As iliustrated in FIG. 19, once the extrusion process is completed, the 
expansion cone 205 is renrxived from the wellbore 100. In a preferred embodin>ent, 
either before or after the removal of the expar^on cone 205, the integrity of the fluidte 
seal of the overlapping joint between the upper end portion 21 Od of the tubular member 

20 210 and the kiwer end portton 1 15a of the preexisting wellbore casing 1 15 is tested 
usinjg conventional methods. 

In a prefenned embodiment, if the fluldic seal of the overlapping Joint between 
the upper end portk>n 210d of the tubular member 210 end the kywer end portton 1 15a 
ofthe casing 115 is sattefiaciory, then any uncuredportkm of the material 255 within the 

25 expanded tubular member 210 is then removed In a conventtonal mann^ such as. for 
example, circulating the uncured material out of the Interior of the expanded tubular 
member 210. The expanston bone 205 is then pulled out of the wellbore section 130 
and a drill bit or mDI is used in comUnatkm with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 210. In a preferred 

30 embodiment, the material 255 within the annular region 260 is then aDowed to fiilly 
cure. 

As illustrated in FIG. 20, the bottom portion 305c of the shoe 305 may then t>e 
removed by drilling out the txrttom portion of the shoe i^ng conventtonal drilling 
nrtethods. The weiib(m 100 may then be extended in a conventtonai manner i^ir^ a 
35 conventtonal drilling assembly. In a prefenned embodiment, the insUe diameter of the 
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extmded portion of the WBllbore is greater than the in^de diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly perfbnned in order to provide a 
mono-diameter weObore casing that includes overlapping weDbore casings. The 

5 overla|>ping weilt)ore casing preferably include outer annular layers of fluidic sealing 
matariai. Alternatively, the outer annular toyers of fluidic sealing niater^ 
omitted. In this manner, a rmno-diameter wellbors casing may be formed virithin the 
subterranean fortnatlon that extends for tens of thousands of feet Mors generally still, 
the teachings of FIGS. 12*20 may be used to form a mono-dtameter wellbors casing, a 

10 pipeline, a staictural support, or a tunnel within a subterranean fbrmatton at any 
orientation fipom the vertical to the horizontal. 

In a preferred embodiment, the fbnnation of a mono-diameter wsllbore casing, 
as Illustrated in FIGS. 1 2-20, is further provided as disclosed In one or mors of the 
fbllQwing: (1 ) U.S. patent application serial no. 09/454,1 39, attorney docket no. 

15 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25701.7.02, filed on 2/23/2000, (3) U.S. patent applicatton serial 
no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/1072000. (4) U.S. patent 
appRcatkm serial no. 09/440,338. attorney docket no. 25791.9.02, fited on 11/15/1999. 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02. filed 

20 on 3/10/2000, (6) U.S. patent application serial no. 09/512,895. attorney docket no. 
25791.1Z02, filed on 2/i24/2000, (7) U.S. patent applicattoii serial no. 09/511,941, 
atiomey docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. patent appDcation serial 
no. 09/588,946, attorney docket no. 25701.17.02, filed on 6/7/2000. (9) U.S. patent 
appHcatton serial no. 09/559,122. atiomey docket no. 25791.23.02. filed on 4/26/2000, 

25 (10) PCT patent applicatton serial no. PCTAJSOO/18635, attomey docket no. 
25791 .25.02. filed on 7/B/2000, (1 1 ) U.S. pnavistonal patent applteatton serial no. 
60/162,671. attonray docket no. 25791.27. filed on 1 1/1/1099, (12) U.S. pr0visk)nal 
patent applicatton serial no. 60/154.047, attomey docket no. 25791.29, filed on 
9/16/1099, (13) U.S. provlstonal patent appltoatton serial no. 60/159.082, attomey 

30 docket no. 25701.34. fltod on 10/12/1999. (14) U.S. provlstonal patent appDcation serial 
no. 60/159,039. attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provtetonal patent application serial no. 60/159.033. attomey docket no. 25791.37. filed 
on 10/12/1999, (16) U.S. provisional patent applicatton serial no. 60/212.359. attomey 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. provlstonal patent applicatton serial 

35 no. 60/165,228, attomey docket no. 25791.39. filed on 11/12/1999. (18) U.S. 

provlstonal patent application serial no. 60/221,443, attomey docket nd. 25791.45, filed 
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on 7/28^2000, (19) U.S. provisional patent application serial no. 60/221 .645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60033,638. attorney docket no. 25791.47. filed on 9/18/2000, (21) U.S. provisional 
patent applicatkm serial no. 60/237,334, attorney docket no. 25791 .48, filed on 

5 10/2/2000. and (22) US. provisional patemapplkation serial TO^ 

docket no. 25791.51, filed on 1/17/2001. the disctosures of which are incorporated 
herein tyy reference. 

In several altemative embodiments, the apparatus 200 and 300 are used to 
form and/or repair wellbore casings, pipelines, and/or stmctural supports. 

10 In several altemative embodiments, the folded geometries of the shoes 215 and 

305 are provkled in acoordance with the teachings of U.S. Patent Nos. 5.425.559 
and/or 5.794.702. the disctosures of which are incorporated herein by reference. 

An apparatus for forming a wellbore casing in a borshole tocated in a 
subterranean formation Induding a preexisting wellbore casing has been described that 

1 5 includes a support member including a first fluid passage, an expansion cone coupled 
to the support mentf)er induding a second fluid passage fluidldy coupled to the flrst 
fluid passage, an expandable tLd)utar liner movably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a preferred 
embodiment the expansion cone is expandable. In a prsfened embodiment, the 

20 expandable shoe Indudes a valveable fluid passage for controlling the flow of fluMic 
materials out of the expandable shoe, in a pretisned embodiment, the expandable 
shoe includes: an expandable portton and a rerraining portkxfi. wherein the outer 
drcunifbrence of the expandable portk)n is greater than the outer dr^^ 
remaining portion. In a prefenBd embodbnmt the expandable portkin Includes: one or 

25 more inward fbkte. In a preferred embodiment, the expandabki portion indudes: one or 
moreoomjgattons. in a preferred ernbod^nt. the expandable shoe indudes: one or 
more inward fokis. In a preferred embodiment, the expandable shoe includes: one or 
more corrugations. 

A shoe has also been described that indudes an upper annular portton. an 

30 intermediate annular portton. and a kiwer annular portfon, whemin the intemiediate 
annular portion has an outer droumferenoe that is larger than the outer drcumferenoes 
of the upper and kiwer annular portkms. In a preferred embodiment, the lower annular 
portion Indudes a valveable fluM passage for controiiing the flow of fluldic materials out 
of the shoe. In a preferred embodiment, ttie intemnediate portton Indudes one or more 

35 inward foMs. In a prefened embodiment, the intemiediate portton indudes one or more 
corrugattons. 
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A method of forming a wellbore casing in a subterranean fomnation having a 
preexisting weiilKxe casing positioned in a tMxehole has eSso been descrit>ed that 
Includes instaliing a tubular liner, an expansion cone, and a stoe in the borehole, 
radially expanding at least a portion ct the shoe by ^6dis)g a fluidic matarial into the 
5 shoe, and radiaiiy expanding at least a portion of the tubular liner by injecting a fluMic 
material into the borehole below the expansion cone. In a preferred embodiment, the 
method further IndudK radially expanding the expansion cone. In a preferred 
embodiment the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 preferred embodiment the method further includes radiaiiy expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment the method further 
Includes injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehold. In a preferred embodiment the method further includes 

1 S radially expanding at least a portion of the (raexteting wellbore casing. In a preferred 
embodiment the method further includes overiapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing. In a preferred 
embodiment, the inside diameter of the radially expanded tubular liner is substantially 
equal to the inside diameter of a nonoverlapping portion df the preexisting weHbore 

20 casing. In a prefbrred enrdxidlment the rnethod further Indudes applyi^ 

to the expansion cone. In a p referred embodiment the Inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a wellbore casing In a subterranean fpmiation having 
25 a preexisting wellbore casing positioned in a borehole has al&o been described that 
Indudes means for instaliing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular Oner. In a preferred emixxliment, the 
apparatus further indudes means for radially expanding the expansion cone, in a 
30 preferred embodiment the apparatus further Indudes means for lowering the 

expartsfon cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansbn cone. In a prefenM embodiment the apparatus further 
indudes means for Injecting a fluidic material into the borehole below the radially 
expanded expansion cone. In a preferred embodiment the apparatus further indudes 
35 means for injecting a hardenable fluidic sealing material Into an annulus between the 
tubular liner and the borehole. In a preferred embodiment the apparatus further 
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indudes means for radially expanding at least a portion of the preexisting welibore 
casir^. In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexteUng weBbore f»lng. In a preferred embodiment the Inside diameter of the 

5 radially expanded tidxjiar Oner is substantially equal to the in^ 

nonoveiiapping portion of the preexisting welibore casing, in a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone, 
hi a prsferred embodiment, the inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

10 An apparati^ for forming a welibore casing within a subteranean fomnation 

including a preexisting welibore casing positioned in a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overtapplng portion of the preexisting welibore casing. The 
Inside diameter of the radially expanded tubular liner Is substantially equal to the inside 

1 5 diameter of a non-overtapping portion of the preexisting welibore casing. 

A welibore casing positioned In a t)orehole within a subterranean formation has 
also been described that includes a first welibore casing and a second welibore casing 
coupled to and overlapping with the first welibore casing, wherein the second welibore 
casing is coupled to the first welibore casing by the process of: installing the second 

20 wellbcxe casing, an expar^ion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second welibore casing by injecting a fluidic material 
into the borehole below the expansion cone. In a preferred embodiment, the process 
for fomiing the weUbora casing further Includes radially mpanding the expansion cone. 

25 In a prrf^red embodbnent, the process for fonmihg the welibore casing further includes 
lowering the expansion cone brto the radially expanded portion of the shoe, and radially 
expanding the expansion cone. In a prefenedembodinwnt, the process for fbrrning the 
welibbra casing further includes radially expanding at least a portion of the shoe and 
the secorxJ welibore casing by injeding a fluidic material Into the borehole below the 

30 radially expanded expansion cme. In a preferred embodiment, the process for fonning 
the welibore casing further Includes Injecting a hardenable fluidic sealing material Into 
an annuli» between the second welibore casing and the borehole. In a preferred 
embodiment, the process for forming the welibore casing further includes radially 
expending at least a portton of the first welibore casing, in a preferred embodiment, 

35 the process for fonning the welibore casing further includes overtapplng a portion of the 
radially expanded second welibore casing with a portkm of the first welibore casing. In 
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a preferred embodiment the inside diametBr of the radially expanded seoond welitxm 
casing is substantially equal to the inside dianieter of a nonoverlapplng portion of the 
first wellbore casing, in a preferred embodinnent. the process for forming the welibore 
casing further Includes applying an axial force to the expansion cone. In a preferred 

5 embodiment, the inside diameter of the radially expanded shoe Is greater than or equal 
to the inside diameter of the radially expanded second wellbore casing. 

. A method of forming a tubular structure in a subtenanean fonnation having a 
preexisting tubular member positioned in a borehole has also been described that 
Includes installing a tubular liner, an expansion cone, and a shoe in the borehole. 

10 radially expanding at le^t a portion of the shoe by injecting a fluidlc material into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidlc 
mat^l into the borehole below the expansion cone. In a preferred embodiment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into the radially 

15 expanded portion ofthe shoe, and radially expanding the expansion cone. In a 

prefened embodiment, the nwthod further includes radially expanding at least a portion 
of the shoe and the tubular liner by irtjecting a fluidic material into the borehole below 
the rmlially expanded expansion cone. In a preferiBd embodiment, the method further 
includes injecting a hardenable fluidic sealing material Into an annulus between the 

20 tubular liner and the borehole. In a preferred embodiment, the rriethod further includes 
radially expanding at least a portion of the preexisting tubular member. In a preferred 
embodiment, the method further Includes overiapplng a portion of the radially 
mpanded tubular liner with a portion of the preexisting tubular member. In a preferred 
errrtxxliment, the hislde diameter off the radially expanded tubular Dner Is substantially 

25 equal to the Inside diameter of a nonoverlapplng portion of the 

member. In a preferred embodlnrtent, the nrathod furttor Includes ap^ 
force to the expansion cone. In a preferred embodiment, the inside diameter of the 
radially expanded shoe is greater than or equal to the Inside diameter of the radially 
expanded tubidar liner. 

30 , An apparatus for forming a tubular structure In a subterranean formation having 
a preexisting tubular member positioned In a borehote has also been described that 
includes means for Installing a tubular liner, an expansion cone, and a shoe In the 
boretole, means for radtally expanding at least a portion of the shoe, and nrieans for 
radlaDy expanding at least a portion of the tubular liner. In a prefenad embodirmnt, ttie 

35 apparatus further include means for radially expanding the expansion cone. In a 
prefened embodiment, ttie apparatus further includes means for lowering ttie 
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expansion cone into the radially expanded portion of tlie shoe, and means for radially 
expanding the exparaion cone. In a prafenred embodiment, the apparatus further 
includes means for injecting a fiuidic mat^ into the borehole below the radialiy 
expanded expansion oone. In a preferred embodiment, the apparatus further includes 

5 mear^ for injecting a hardenable fiuklic sealing material into an annulus between the 
tubular liner arid the borehole. In a preferred enntodiment, the apparatus further 
Indudes rrmns for radially mpanding at least a portion o^ 
member. In'a preferred ernbodirnent, the apparatus fifftherihdudesrneansf^ 
overfapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodiment the inside diameter of the 
radially expanded tubular liner is substantially equal to tte inside diameter of a 
nonovertapping portion of the preexisting tubular member. In a prefened embodiment, 
the apparatus further includes means for applying an axial force to the expansion oone. 
In a preferred ennbodiment, the inskto diameter of the radially expanded shoe is greater 

15 than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for forming a tubular structure within a subterranean formation 
including a preexisting tubular nrmnber positioned In a borehote has also been 
described that includes a tubular liner and means for radtelly expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 Inside diameter of the radially expanded tubular liner is substentially eqi»l to the inside 
diameter of a non-overtapping portion of the preexisting tubular member. 

A tubular structure praitioned in a borehole within a subterranean fbmnation has 
also been described that includes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular member, wherein ttie second tubular 

25 member te coupled to the first tubular member by the process oK installing the second 
tubular member, an expansion cone, and a shoe In the borehole, nsuUaiiy expanding at 
least a portion off the shoe by injecting a fluidic material into the shoe, and radiaDy 
expanding at least a portion of the second tiAular member by ir^ecUng a fluidic material 
into the borehole below the expansion cone. In a prefened erribodlment, the process 

30 for forming the tubular structure further includes radially expanding the expansion cone. 
In a preferred enrtbodiment, the process for forming the tubular structure further 
Includes lowering the expansion cone into the radially expanded portion of the shoe, 
and radially expanding tl^ expansion oone. In a preferred embodiment, the process 
for forming the tut>ular structure further includes radially expanding at least a portion of 

35 the shoe and the second tubular member by injecting a fluidic material into the 

borehole below the radially expanded expansion oone. In a preferred embodiment, the 
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process for forming the tubular structure further includes irijectf ng a hardenable fluidic 
sealing material Inlo an annulus between the second tubular member and the borehole. 
In a preferred embodiment, the proce^ for forming the tubular structure further 
includes radially expancfing at least a portion of the fi^ Inapreftered 

5 OTibodiment. the process for fonring the tubular strucliire further Includes overlappir^ 
a portton of the radially expanded second tubular member with a portion of the first 
tubularnlember. In a preferred einbodlment the inside diarneteir of the radta^^^ 
expanded second tubular member is substantially equal to the inside diameter of a 
nonovertapping portion of the first tubularmember. in a pref^red embodiment, the 

10 process for forming the tubular stnicture further includes applying an axiai force to the 
expansion cone. In a prefen^d embodiment, the inside dianieter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although illustrative embodiments of the Invention have been shown and 

15 described, a wide range of nfKxlIfication, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a oorrBsponding use of the other features. Accordingly, it is 
approprteite that the appended daims be construed broadly and in a manner consistent 
with the scope of the invention. 
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1 . An apparatus tor forming a wellbore casing within a subtenransan formation 
including a preexisting wellbore casing positioned b\ a borehole, oomprisir^: 

5 a tubular liner, and 

means fior radially expanding and ooupHng the tubular Dner to an overlapping 
portion of the preexisting wellbore casing; 

wherein the Inside diameter of the radially expanded tubular liner is equal to the 
inside diameter of a non^yvertapplng portion of the preexisting wellbore casing. 

10 

2, An apparatus for forming a tubular structure within a subtenanean fbnnatlon 
including a preexteting tubular member positioned in a borehole* comprising: 

a tubular liner, and 
means for radially expanding and coupling the tubular liner to an overlapping 
15 portion of the preexisting tubular member, 

wherein the inside diameter of the radially expanded tubular liner is equal to the 
inside diameter of a non-overlapping portion of the preexisting tubular member. 
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Ciatms 

1. An apparatus for forming a wellbore casing In a borehole located in a 
subterranean formation including a preexisting welibore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member including a second fluid 

passage fluididy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expar^ion cone; and 
an expandat>le shoe ooiq)ied to the expandable tubular liner. 

10 

2. The apparatus of dairh 1 , wherein the expansion cone is expandable. 

3. The apparatus of daim 1 » wherein the expandable shoe indudes a valveable fluid 
passage for controlling the flow of fluidic materials out of the expandable shoe. 

15 

4. The apparatus of daim 1 , wherein the expandable shoe indudes: 
an expandat>le portion; and 

a remaining portion coupled to the exparidable portion; 
wherein the outer drcumforenoe of the expandable portion Is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of daim 4. wherein the expandable portion indudes: 
one or more inward folds. 

25 6. The apparatusof daim 4, wherein the expandable portion indudes: 
one or more oorrugattons. 

7.. The apparatus of daim 1 , wherein ttie expiandable shoe indudes: 
me or more inward folds. 

30 , 

B. The apparatus of daim 1 . wherein the expandable shoe indudes: 
one or more oorrugations. 

9. A shoe, comprising: 
35 an upper annular portion; 

an intemnedlato annular portion coupled to ttie upper annular portion; and 



31 

a lower annular portion coupled to the intennediate portion: 

wherein the Intamnediate annular portion has an outar drcumferenoe that Is 

iargw than the outer drcumferen(« of the upper and 

portions. 

5 

10. The shoe of daim 9. wherein the lower annular portion indudes a valveable fluid 
passage for controPIng the flow of fluidic materials out of the shoe. 

11. The shoe of daim 9. wherein the intemnedlate portion indudes: 
10 one or more inward fdds. 

12. The shoe of daim 9. wherein the intenmediate portion indudes: 
one or more corrugations. 

15 1 3. A method of fbnning a wallbore casing in a subtenanean fbnnation having a 
preexisting wellbore casing positioned in a tiorehde, comprising: 

Installing a tubular Oner, an expansion cone, and a shoe In the borehole; 
radially expanding at least a portion of the shoe by Injecting a fluidic nnatertal 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by Injecting a fluidic 

material into the borehole below the expanston cb^ 

14. The method of daim 13, further comprising: 
radially expanding the expansion cone. 

25 

15. The method of daim 13, ftjrther cmnprislng: 

lowering the expansion cone into the radially mpanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method ofdalm 15, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic nrtaterlal Into the borehole below the radially expianded 
expansion cone. 



35 17. 



The method of daim 13, further comprising: 
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injecting a hardenable fluidic seaDng material into an annutus between the 
tubular Oner and the IXNBhole. 

18. TbB nwthod (rfdaim 13, further oomprising: 

5 radially expanding at least a portion of the preexisting wellbora casing. 

1 9. The method of daim 1 8, further comprising: 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbofe casing. 

10 

20. The nr)ethod of daim 1 9, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting wellbore casing. 

IS 21. The method of daim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 13. wherein the inside diameterof the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular Hner. 

23. An apparatus for forming a wellbore casing In a subterranean fiormation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

means for installing a tubidar Hner, an expansion cone, and a shoe In the 
25 borehole; 

means for radially oxpandlng at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at le^ a portion of the tubular liner by injecting a 

fluidic material into the borehole below the expansion cone. 

30 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 
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25, 



The apparatus of daim 23, further comprising: 

means for lowering the expansion cone Into the.radialty expanded portion of the 
shoe; and 
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10 



means for radially expanding the expansion cone. 

26. The apparato of daim 25. further oomprfsing: 
means for injecting a fluidic material into the t>orehole t>elow the radially 

expanded expansion cone. 

27. The apparatus of daim 23. further oomprising: 
medns fior injeding a hardenable fluidic sealing material into an annutus 

t)etvveen the tubular liner and the borehole. 

28. The apparatus of daim 23. further comprising: 

means for radially expanding at leiast a portion of the preexisting wellbore 
casing. 

15 29. The apparatus of daim 28. furth^ comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting wellbore casing. 

30. The apparatus of datrn 29. wherein the inside diameter of the radially expanded 
20 tubular Iner Is substantiaily equal to the Inside diameter of a nonovedapplng portion of 
the preexisting wellbore casing. 



31. The apparatus of daim 28. further oomprising: 

means for applying an axial force to the expansion cone. 

25 

32. The apparatus of daim 23. wherein the inside diameter of the radially expanded 
shoe Is greater than or substentiidly equal to the inside diameter of ttie radially 
expanded tubular liner. 

30 33. An apparatus f[>r forming a wellbore casing within a subterreman fonnation 
induding a preexisting wellbore casing positioned in a borehole, comprising: 
a tubular liner, and 

means for radiaDy expanding and coupling the tubular liner to an overtapping 
portion of ttie preexisting wellbore casing; 
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wherein the inside diameter of the radially expanded tuiHJiar Oner is 

substantially equal to the hside diameter cf a non-overlapping portion of 
the preexisting weDbore casing. 

5 34. A vvellbore casing positioned in a borehole within a subtenant 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overtaK)ing with the first wellbore 
casing; 

10 wherein the second weHbore casing is coupled to the first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
1 5 material into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 
irijecting a fluidic material into the borehole below the expansion 
cone. 

20 35. The wellbore casing of daim 34. wherein the process further comprises: 
radially expanding the expansion cone. 

36. The weDbore casing of daim 34. wherein the process further compri^ 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The wellbore casing of daim 36, wherein the process further comprises: 
radiaily expanding at least a pcvtion of the shoe and the second wellbore casing 

by injecting a fluidic material into the borehole below the radially 
30 . . expanded expansion oone. 

38. The wellbore c^ng of daim 34, wherein the process further comprises: 
Injecting a hardenable fluidic sealing material into an annulus between the 

second wellbore casing and the borehole. 

35 • 

39. The wellbore casing of daim 34. wherein the process further comprises: 
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rad*»lly expanding at least a portion of ttie first wellbore casing, 

40. lliewelibore casing of dalnri 39. wherein the process 

overlapping a portion of the radially expanded second weilbore casing with a 
portion of the first vveOtxm casing. 

41 . The weUbore casing of daim 40. wherein the inside diameter of the radially 
expanded second wellbore casing is 8ut)8tanti^ 

nonoverlapping portion of the first wellbore casing. 

42. The welitxm casing of daim 39. wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of daim 34. wherein tl^ inside diameter of the radially 
expanded shoe is greater than or sutistantially equal to the inside diameter of the 
radially expanded second wellbore casing. 

44. A method of fbmiing a tubular structure In a subterranean fbnnation having a 
preexteting tubular member positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
Into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into ttte borehole below the expansion cone. 

45. The metiiod of daim 44. furttier conv>risihg: 
racUaOy expanding ttie expansion cone. 

46. The method of daim 44, furttier comprising: 

lowering the expansion obne into the radially expanded portion of ttte shoe; and 
radially expanding flie expansion cone. 

47. The method of daim 46, furttier comprising: 

radiaHy expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 
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48. The method of daim 44, further odmprising: 

injecting a hardenable fluidic sealing material into an annuius t>elween the 
tut)uiar liner and the l)orehole. 

5 

49. The method of daim 44, further oonnprising: 

radiaily expanding at least a portion of the preexisting tubular memt)er. 

50. . The method of daim 49, further comprising: 

10 overlapping a portion of the radially expanded tubular liner with a portion of the 

preexisting tubular member to provide a load bearing interface and a 
fluidicseal. 

51 . The method of daim SO, wherein the Inside diameter of the radially expanded 
15 tubular finer is substanfially equal to the Inside diameter of a.nonoverlapping portion of 

the preexisting tubular member. 

52. The method of dafrn 49, further comprising: 
applying an axial force to the expansion cone. 

20 

53. Hie method of daim 44; wherein the inside diameter of the radially expanded 
shoe Is greater than or substantially equal to the inside diameter of the radially 
expanded tubular Oner. 

25 54. An apparatus for forming a tubular structure In a subterranean fbmnation having a 
preexisting tubular member positioned In a borehole, comprising: 

means for Installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expandirig at least a portion of the shoe; and 
30 means for radiaDy expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 
means for radially expanding the expansion cone. 



35 56. The apparatus of daim 54, further comprising: 
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means for lowering thd expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion oone. 

5 57. The apparatus of claim 56, further oornprising: 

means for injecting a fluidic material into the Ixmhole bekw the radially 
expanded expansion cone. 

58. The apparatus of daim 54, further comprising: 
10 means for injecting a hardenable fluidic sealing material into an annuius 

between the tubular liner and the borehole. 

59* The apparatus of daim 54, further comprising: 

means for radially expanding at least a portion of the preexisting tubular 
15 memtier. 

The apparatus of daim 59. further comprising: 
meians for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interfoce and a fluidic seal. 

61 • The apparatus of daim 60. wherein the inside diameter of the radially expanded 
tubular liner Is substantially equal to the Inside cfiameter cX a nonovertapping portion of 
the preexisting tubular member. 

25 

62. TTie apparatus of daim 59, further comprising: 

means for applying an axial force to the expansion oone. 

63. The apparatus of daim 54, wherein the Inside diameter of the radially expanded 
30 shoe is greater than or substantially equal to the hside diameter of the radially 

expanded tubular liner. 

64. An apparatus for forming a tubular structure within a subterranean formation . 
induding a preexisting tubular m6ml>er positioned in a borehole, comprising: 

35 a tubular linen and 



60. 



20 
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means for radially expanding and poupOr^ ttw tubular Uner to an overlapi^ng 

poiHon of the preexisting tubidar memtier. 
wherein the Inside diameter of the radiaily expanded tutnjiar Uner is 

substantiaily equal to the inside diameter of a notvoverlapping portion of 

the preexisting tutniiar memt)er. 

65. A tut)ularstnidure positioned in a borehole within a subterranean fbnnation. 

comprising: 

a first tubular member, and 

a second tubular member coupled to and overlapping with the firet tubular 
member, 

wherein the second tubular member is coupled to the firet tubular member by 
the process of: 

installing the second tubular member, ah expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting e fiuidic 

matedal into the shoe; and 
radially expending at least a portion of the second tubidar member by 

injecting a fluidic material into the borehole below the expansion 

oorte. 

66. The tubular stnidure of dalm 65. wherein the process further ooinprises: 

radially expanding the expansion cone. 

67. The tubular stnidure of dalm 65. yiArarein the process further confq)rises: 

lowertotg the expansion cone into the radially expanded portion of the shoe; and 
radially expanding flw expansion oonei 

68. The tubular structure of daim 67, wtterein the process further comprises: 

radially expanding at least a portion of the shoe and the second tubular member 
by Injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 



69. 



The tubular structure of dalm 65. wherein the process further comprises: 
injecting a hardenaUe fluidic sealing nnaterial into an annulus between the 
second tidNdar member and ttie borehole. 
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70. The tubular stnjcture of dalm 65, wherein the process further comprises: 
. racfially expanding at least a portion of the first tubular rnen^ 

5 71 . The tubular structure of dalm 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tiAuter member with a 
portion of the first tubular member. 

72. The tubular structure erf dalm 71 . wherein the inside diameter of the radially 
10 expanded second tubular member is substantially equal to the inside diameter of a 

nonoveriapping portion of the first tubular member. 

73. The tubular structure of dalm 70, wherein the process further comprises: 

applying an axial force to the expansion cone. 

15 

74. The tubular structure of dalm 65, wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for fbrrning a weiibbre casing in a borehole located in a 
subterranean formation jnduding a preexisting weilbore casing, comprising: 
a support member Induding a first fluid passage; 
an expandable expandon cone coupled to the support member Indudbig a 
second fluid passage fluididy coupled to the first fluid passage; 
25 an expandable tubular liner movabty coupled to the expansion cone; and 

an expandable shoe ooupled to the expandable tubular liner comprising: 

a vaiveable fluid passage for contrdiing the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more inward folds; and 
30 a rennaining portion coi4)led to the expandable portion; 

wherein the outer drcumference of the expandable portion Is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion including 

one. or more inward folds; and 
a lower annular portion ccxjpled to the intenmediate portion including a 

valveable fluid passage for oontroOing the flow of fluidic niateriais out of 
5 the shoe; 

wherein the Intennediate annular portion has an outer drcumference that is 

larger than the outer drcumferenoes of the upper and lower annular 

porflons. 

10 77. A method of fomiing a wellboe casing in a subtenanean fbnmation having a 
preexisting weiit>ore casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

15 lowering the expansion cone Into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone; and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting wellbbre casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
suttstantiaHy equal to the inside diameter of the radially expanded 
tubular linen and 

wherein the inside diariieter of ttie radially expanded tubular liner is 
25 substantially equal to or greater than the Inside diameter of a nohoverlapping 

portion of the preexisting wellbore casing. 

76. An apparatus for forming a wellbore casing in a subtenanean fbmiation having a 
preexisting wellbore casing positioned in a bcxehole. comprising: 
30 means for Installing a tubuter liner, an expanston oone. and a shoe in ttie 

borehole; 

means for radially expanding at least a portion of ttie shoe by injecting a fluidic 

rtiatertel into the shoe; 
means for lowering the expansion cone into ttie radially expanded portion of ttie 
35 shoe; 

means for radially expanding the expand oone; 
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means for radiaily expanding at least a portion of the tubular liner by injecting a 
fluidic material into the boretiole beloiw the radially expanded expansion 
cone; 

means for radially expanding at teast a portion of the preexisting weObore 
casing; and 

means for overiapping a portion of the radially expanded tubular ilner with a 

portion of the preexisting weObora casing; 
wherein the inside diameter of the rad»lly expanded shoe is greater than or 

substantially equal to the Inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of ttie radiaily expanded tubular liner is 

sut>stantidlly equal to the Inside diameter of a nonoveriapping portion of 

the preexisting wetlbore casing. 

79. A wellbore casing positioned in a borehole witMn a eubtenranean fonnation. 
comprising: 

a first wellbore casing; and 

a second welibore casing coupled to and overiapping with the first weilbore 
casing; 

wherein the second weilbore casing is coupled to the first wellbore casing by 
the process of: 

installing ttie second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion cone into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radiaily expanding at least a portion df the second wellt)orB casing by 
Ir^ecting e fliddic material into ttie borehole below the radiaily 
expanded expansion cone; and 

overlapping a portion of tt>e radially expanded seoond wellbore casing 
witti a portion of ttie first Wellbore casing; 
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wherein the Mde diameter of the radially expanded shoe is greater 
than or sut)stanttally equal to the tnsUe diameter of the radially 
expanded second welltxm casing; and 

wherein the inside diameter of the radiaOy expanded second wellt)ore 
casing is sut^tantiaOy equal to the inside diameter of a 
ronovertapping portion of the first wellbore casing. 

80. A method cH forming a tubular structure In a subterranean formation having a 
preexisting tubular member positioned in a boTBhole, COTiprising: 

installing a tubular liner, an expansion cone, and a shoe In the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
Into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidk: 

material into the borehole below the radially expanded expansion cone; 
and 

overiapping a portion of the radially expancted tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interface and a 
fliARcseal; 

wherein the Inside diameter of the radially expanded shoe is greater than or 

substantially equal to the Inside diameter of the radially expanded 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to Hie inside diameter of.a nonoveriapptng portion of 

the preexisting tubular member. 

81. An apparatus for fbrnriing a tubular stnidure In a subterranean fomnationha^^ 
pree)d8ting tubular member posittoned in a borehole, comprising: 

means for installing a tubular Hner. an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; 
means for lowering the expandon cone into the radially expanded portion of the 
shoe; 

mmns for radially expanding the expansion bone; 

means for radially expanding at toast a portion of the tubular linen and 



means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular nieniber to provide a load t)ea1ng 
interface and a fluidic seal; 

wherein the inside diameter of the radially expand^ shoe is gnsater than or 
5 sut»tant»Ily equal to the inside diameter of the radially expanded 

tutHJiar liner; and 

wherein the inside dianrteter of the radially expanded tutnilar liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 
the preexisting tubular member 

10 

82. A tubular structure positioned in a borehole within a subtenranean formation, 
oompridng: 

a first tubular member; and 

a second tubular nnemtmr coupled to and overlapping with the first tubular 
15 member, 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

instelDng the second tubular member, an expansion cone, and a shoe in 
the borehole; 

20 radially expanding at least ia portion of the shoe by injecting a fluidic 

material into the shoe; . 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radtaily expanding the expansion cone; 
25 ' - radially expanding at least a portion of the second tubular nriernberb^ 

injecting a fluidic nratertel into the borehole below the FBdiaily 
expanded expansion cone; and 
overlapping a portion of the radially expanded second tubular member 
with a portion of the first tubular memt)er; 
30 wherein the inside diameter of the radially expanded shoe is greater 

than or substantially equal to the inside diameter of the radially 
expanded second tubular member and 
wherein the inside dianteter of the radially expanded second tubular 
nrannber is substantially equal to the inside diameter of a 
35 nonovertapfring portion of the first tubular member. 




% Office 



«0 




INVeSIOR Of PEOPLE 



AppficatfamNo: 
Claims seardied: 



GB0423417.S 
1&2 



Elxainiiien J D Cantrell 
Date of seaixh: 1 1 November 2004 



Fbtents Act 1977: Search Report under Section 17 



Category 


Relevant - 

to claims 


Identity of document and passage or figure of particular relevance 


X.E 


1&2 


GB2388134 A 




ENVEWrURE (Figs 8,9,11.15) 


X.E 


1&2 


GB238740S A 




ENVENTURE (e.g. Figs 11. 2k, 5g. 6f, 7i) 


X 


1&2 


W099/35368A 






SHELL(Fig 1) 



Categorfes: 



X ri A««i«i»* i««Bitni£ lack of Mvelty or imfcaiiive A Document indicattng teduMlo^ 

Kep oflfaeait. 

Y DocunKiifatfkiifaiglMkofiiiveiiivettpif P Doeiiiimc iHdilisfaed on or alter the declaied pri 
comblMdwfafacnKOT more otto documefltt of but brfore the filing date of this invention, 

sime calcgiDfy. 

& Member of the nmDptmt&mOy B Pate« docuinem puWIrijed on or tftCT, bm witt prio^ 
caito than, tibe ffflro date of this application. 



FlddofSeardu 
ScanaiofOB.HP,WOAUSp>tent 



classified la the fritowiqg aieas of. the UKC^ : 



EIF 



,07 



Worldwide m^ch of pataildocuincnis classified in the fbllowigg areas of tiie IPC 

1E21B I 
The foUowiitforiine and odierdatAases have been . 

I ONUNeTePODOC^ PAJ^WPl I 



An Eaecutive Agency of die Depaitnient ofTcade and Industry 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

>^3^LACK BORDERS 




□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
0R£FERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




FADED TEXT OR DRAWING 




